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ABSTRACT: The present research examined to develop thermal radiations mitigation and stealth textiles 
that could protect the objects from detection by various sensors in the wide spectral range. In this research, 
samples of dyed long stable Egyptian cotton fabric made from Giza 86 which can conceal the object both in 
the visible (VIS) (380nm-780nm) and near infrared (NIR) (780nm -1200nm) radiation spectral range were 
developed and investigated. The fabric samples treated with different concentrations of chlorophyll 
extracted from fresh spinach leaves which acts as natural dye in combination with ZnO nanoparticles and 
were used to achieve these characteristics. Estimation of chlorophyll content, color measurements of the 
treated fabric, and chlorophyll thermal mitigation and stealth behavior was tested and evaluated. The 
results showed noticeable changes of color intensity and significant influence on the spectral reflectance in 
the VIS-NIR range. We believe that the results of this study would be applicable to developing high 
performance thermal mitigating smart textile, and also thermal stealth military uniforms powered by 
recovered waste heat from available sources. 
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INTRODUCTION 

Materials and techniques to hide, blend, 
disguise, decoy, or disrupt the appearance of 
military installation and equipment in their 
backgrounds known as camouflage, concealment 
and deception(CCD). CCD designation takes 
fromthe immediate environment, natural, and 
artificial materials[1]. All surfaces emit radiation 
at wavelengths dependent on the temperature. 
For a relatively cool surface, this emission is in the 
thermal IR region of the spectrum between 3 and 
14 um. A human body at 36°C has an emission 
maximum at 9.4 um, while a background at 20°C 
has a maximum emission at 9.9 um. The intensity 
of the emission is also dependent on the 
temperature, given by the Stefan-Boltzmman 
equation, increasing as the _ temperature 
increases[2].Thermal detection cameras are gray 
scale cameras that convert IR energy into 
electrical signals. As the energy emitted by a 
surface is dependent on the surface temperature, 
warmer objects give higher signals than cooler 
objects. Temperature differences as low as 0.05°C 
can be detected[3]. To conceal an object from 
thermal emission detection, the observed surface 
must has the same temperature or has the same 
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emission intensity as the — surrounding 
environment[4]. The procedure usually involves 
measuring the thermal radiation from a distant 
object with devices such as an infrared (IR) 
camera. Infrared imaging is commonly used for 
many scientific, industrial and _ military 
applications such as temperature measurement, 
heat detection, and night-vision [5]. Camouflage 
textiles are primarily used by the military and toa 
lesser extent by hunters. Military camouflage can 
be in the form of fabrics (uniforms, protection 
suits, ballistic protection, tents, tarpaulins, 
backpacks) or nets to protect assets and 
personnel. The stealth fabric can be described as 
afabric that covers and protects the body from 
exposure to the opponent's detection. There are 
several studies regarding infrared stealth fabrics 
used dyeing technology [6]. The effect of 
camouflaging and how background emissivity 
affects the camouflage mechanism of dyed cotton 
fabrics near-IR was described [7]. Materials to 
camouflage textiles to be used in VIS-NIR include 
conventional textile dyes such as vat [8], disperse 
[9], sulfur and acid dyes [10], and pigments [11]. It 
was suggested that NIR camouflaging could be 
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achieved by dyeing with more than four colors 
rather than a single color.An evaluation of a 
combination of dyeing, dyeing concentration and 

reflectance with respectto weave of the fabric was 
pointed out [12]. Cotton and PET/cotton fabrics 
were dyed by using some vat dyes to resemble the 
characteristics of greenish leaves. The reflectance 
of dyed fabrics was markedly influenced by the 
constitution of dyes in VIS-NIR region and dyed 
fabrics imitated the reflectance profile of greenish 
leaf on the basis of NIR camouflage theory [12]. On 
the other hand, PET and PET/cotton fabrics dyed 
with C.J. Disperseblue dye to looks like the 
characteristics of greenish leaves and they showed 
that this dye plays an important role in NIR green 
concealment of PET fabrics [9]. Different fabrics 
can be dyed using a variety of dyes to claim the 
requirement of NIR camouflage [13]. The bionics 
studies showed that the Vis-NIR spectra of green 
plant leaves are mainly produced by colorless 
tissue structures and colored matters, respectively 
[14].The most extensive background materials on 
the earth were green plant leaves which widely 
simulated in the camoufage materials [15]. 
Chlorophyll and its derivatives were currently 
used mainly for thermal radiations mitigation 
[16]. Chlorophyll is essential in photosynthesis 
process which allows plants to absorb energy 
from sunlight in the presence of carbon dioxide 
from air and water from soil, then produces 
glucose that is responsible of grow and 
metabolism of plants and oxygen that is 
responsible of respiration of all livings 
organisms[17]. Also, another physical property of 
chlorophyll is that its ability to absorb light, 
mostly from the blue portion followed by the red 
portion of the electromagnetic spectrum, 
reflecting the green portion color. Nanoparticles of 
metal oxides are one of the important classes of 
inorganic pigments. Treatment with nanoparticles 
was not only maintained the existing properties of 
textile material but also imparted other textile 
properties such as repellency, soil release and UV- 
resistance [18]. Nanoparicles of TiOzand ZnOis 
among the metal oxides which are used as 
pigments, adsorbents, and catalytic supports on 
fabrics[19]. These nanoparticles have high surface 
area. The effects of inorganic nanoparticles on 
camouflage properties of cotton/polyester fabrics 
were demonstrated [20]. Han et al. [21], pointed 
out that TiOz, ZnO and Alz03 nanoparicleswere 
used in order to make the reflectance behavior of 
woodland colors to produce dark brown in the UV- 
VIS-NIR bands with the combination with two 
colored pigments. The fabric treated with metal 
nanoparticles showed a _ lower _ surface 
temperature, better effects in terms of concealing 
the body, and reduced infrared emission 
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compared to untreated samples. Recent research 
for the combination of nanoparticles and dyes for 
high reflectance and low emissivity at VIS-NIR 
bandwas investigated. This paper introduced the 
organic materials introducing chlorophyll as a 
dyeing material with ZnO nanoparticles in a new 
innovative counter measure technique, 
contributing in opposing thermal reconnaissance 
surveillance means. This new technique will assist 
in increasing the capabilities of thermal 
camouflage of important military installations, 
especially the military installations located on 
rural areas, as most air defense forces, 
commanding posts and many military air force 
bases. 


2. MATERIALS AND METHODS 
2.1. Materials 


Unbleached long stable Egyptian cotton fabrics 
made from the cotton variety Giza 86 were 
purchased from Misr-El-Mehala Company for 
Spinning and Textile- Egypt, with the following 
specifications: Specimens' size used: 40cm x 40cm, 
Yarn count: 38 x 40 tex (measure unit for yarn), 
and Weight: 175 g/mz2. 

All chemicals used were of analytical grade 
using doubly distilled water (18.5 M‘0.). Sodium 
hydroxide (NaOH) was analytical grade from 
(Koch-Light Co.), hydrogen peroxide (30% LR 
grade) from (Aldrich Co.), Sodium carbonate (LR 
grade), sodium silicate (136° Tw, 27% SiOz), the 
wetting agent was the commercially Triton X100 
supplied from (Merck Co.).Chlorophyll dye 
extraction was obtained from fresh spinach leaves 
andZnO nanoparticles (type1) ~30nm from Sisco 
Research Laboratories, Pvt, Ltd, Maharashtra, 
India.The thermal cameraused is the Fluke Ti20 
Imagerhas the followingspecificationrepresented 
in Table 1. 


2.2 METHODS 
2.2.1,Extraction Method 


Chlorophyll extraction process was carried out 
using the method described by Jinasena et al [22], 
with minor adaptation. In the first, ten gram of 
finely cut fresh spinach leaveswas briefly boiled 
prior to extraction. Grinding and homogenization 
of leaves were performed at 0°C temperatures 
with ~30ml of 80% acetone. It was then 
centrifuged at 7000 rpm for 5 minutes. The 
supernatant was transferred and the procedure 
was repeated till the residue becomes colorless. 
The absorbance of the solution was read at 645 
nm and 663 nm against the solvent (acetone) 
blank. 
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Table 1: Thermal camera sp 
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ecifications of Fluke Ti20 Imager 


10nS 
-10°C to +350 °C 


| Temperature Range 
E Detector Type 80 x 60 thermal element focal plane array 
E Accuracy(FPA) +2 °C or 2 %(whichever is greater) 
= Field of View (FOV) rectangular 20° Horizontal x 15° Vertical 
§ Minimum Diameter 8.1 mm (0.32 inch) 
S Optical Resolution 290 cm:1m or better 
Spectral Range 7.9 to 14 microns 
3 Focus 61 cm (24 inch) to infinity 
5 Temperature Scale °C or °F selectable 
3 Palettes Original, Gray, Rainbow (default), Iron bow, Gray 


Analyzing Companion software 


Inside IR 4.0 


Shape 


2.2.2.Scouring and bleaching treatments 


Scouring of the cotton fabric samples was 
performed by padding the cotton fabric with 3% 
NaOH containing 1.5% of the wetting agent 
(Triton X100) in a two-bowel padding mangle 
adjusting the squeeze pressure to enable 100% 
wet pick-up of the fabric and subsequently 
steamed in a laboratory steamer at 100°C for 10 
minutes. The scoured cotton fabric was washed 
with water, neutralized with dilute acetic acid, 
further washed with water and finally dried in air. 
Bleaching of the cotton fabric samples was 
performed by immersed in alkaline bleach 
Na2C03(0.2 g/l), NaOH (1.5 g/l), SiOz (0.4 g/l), 
MgSO, (0.2 g/l), Triton X100 (0.5 g/l) and H202 
(10 ml‘) were added to the bleaching liquor. The 
treated cotton fabric samples were removed from 
the liquor and neutralized with aqueous solution 
containing 0.1% acetic acid, followed by a through 
hot water (80 to 85°C) to ensure removal of 
residual chemicals. Samples were dried in an oven 
at 100°C for 10 minutes. 


2.2.3. Dyeing and coating of cotton fabric 


Dyeing ofthe cotton fabric had been made by the 
exhaust method at 40°C with liquor to material 
ratio of 30:1. Applying the chlorophyll as the 
natural dye on the treated cotton fabric was 
carried out through four consecutive 


concentrations of chlorophyll (25%, 50%, 75%, 
and 100%).The dyed fabrics were then passed 
through apadding machine to remove excess 
solution.All samples were padded with a wet 
pickup of 80%. After padding, ZnO nanoparticles 
(average particlesize 30 nm) were added (1g/kg) 
in order to investigate their effect on final 
reflectance of the fabric samples.The sampleswere 
dried at 85°C, then treated fabric samples were 
thoroughly washed, neutralized and dried in 
air.Finally, the cotton fabric was cured at 160°C for 
three minutes. 


2.2.4.Forming the test model 


The gypsum board material has been chosen, 
representing the building envelop (the entrance or 
the exit of an underground command post for 
example), as it mostly has nearly the same 
physical characteristics of bricks and concrete 
construction materials specially (thermal 
conductivity). To control the internal temperature 
inside the test model, an electrical thermostat will 
be attached to the electric circuit of the heating 
coil, to regulate the electric current passing 
through it and controls its temperature. This will 
assist in adjusting the internal space temperature 
of the test model. From the other side, a 
thermometer will be fixed to measure the model’s 
internal space temperature. The thermal cameras 
will be located at a distance of 170 cm from the 
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testing model as this distance is the optimum 
average distance according to camera manual. All 
the experimental work have been done in Egyptat 
6th October city, as it resemble the typical weather 
conditions of the urban desert areas, simulating 
the commanding posts(CP's) on Sinai, Ismailia and 
Suez cities environmental conditions. 


2.3. Evaluation Tests 
2.3.1, Estimation of Chlorophyll content 


The concentrations of chlorophyll a, chlorophyll 
b and total chlorophyll were calculated using the 
following equations: 


Chlorophyll a: 12.7(A663) - 2.69(A645), 


Chlorophyll b: 22.9(A645) - 4.68(A663), 


Chroma = 
Distance froen 
Gray 


Hue = Angle 
from Red 


we 
o*, 


E-ISSN: 2349 5359; P-ISSN: 2454-9967 


and Total Chlorophyll: 20.2(A645) + 8.02(A663) 
2.3.2. Color measurements of the treated fabric 


The color measurements saturations of all 
specimens were recordedon the surface of cotton 
samples with a  Spectrophotometer Perkin 
ElmerModel Lambda 35 with integrated sphere. 
Measurements were made using a D65 illuminant 
and 10-degree standard observer, Percentage of 
reflectance, collected at 10 nm intervals over the 
VIS-NIR spectrum (from 380 to 1200 nm) and was 
converted into the CIELAB color system as shown 
in Figure (1) where: L* describes the lightness- 
darkness from white to black.a* and b* describe 
the chromatic coordinates on the green-red and 
blue- yellow axis, respectively, Hue angle from red 
axis (h), and saturation which is distance from 
red-green axis (C*) 


Fig. 2: The gypsum board model portions covered by different chlorophyll concentrations in 
combination with ZnO nanoparticles 


2.3.3.Comparative experiment of the chlorophyll 


To run up the comparative experiments, the 
outer surface of the gypsum board model (test 
model) will be divided into six equal portions: four 
portionsof them will be covered by a different 
section of the treated cotton fabric as mentioned 
above, each of which have a specific chlorophyll 
concentration as shown in Figure (2). While one 
portion will be covered with untreated cotton 
fabric, and another portion will be the original 
gypsum board (reference portion), to compare 


their values with the chlorophyll treated portions. 
The experiment began by adjusting the heating 
thermostat at 50°C, from 9:00am leaving the 
model on the real weather conditions, until 
thermal shoots were taken every 15 minutes for 
three consecutive hours starting from 9:00pm 
using the thermal imager Fluke Ti20. 


2. RESULTS AND DISCUSSION 

It has been noted that chlorophyll is an organic 
liquid with no adhesive substance in its chemical 
structure, so, it did not dry even when leaving it 
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for more than three days. By adding an adhesive to 
the chlorophyll, it spoilt the mixture by destroying 
the chemical ponds between the liquid particles. 
Also, examining chlorophyll in its liquid condition 
as a direct paint on the installation surface cannot 
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be done as shown in Figure 3 (a) and (b).By made 
a modification in the technique of examining the 
chlorophyll ability by using it as a dye on a cotton 
fabric screen (screening technique), rather than a 
paint. 


Fig. 3: The liquid chlorophyll appearance when used directly as paint 


3.1. Estimation of Chlorophyll content 

Two types of chlorophyll which are (a) and (b), 
with a slight difference in chemical composition of 
side chains,-CH3 and CHO for chlorophyll a, and b 
respectively. These two types of chlorophyll exist 
in all green plants and algae; complement each 
other in absorbing sunlight in blue and red 
wavelengths respectively as demonstrated in 
Figure (4). Chlorophyll extracts were measured 
using the equations mentioned above in 


twodifferent wavelengths 645nm and 663nm 
respectively for the calculation of chlorophyll a, 
chlorophyll b and total chlorophyll. The results 
obtained in Figure (5), revealed that the amount of 
chlorophyll a, chlorophyll band total chlorophyll 
was in the range of (39.6ug/ml), (44.1pg/ml) and 
(83.7ug/ml) respectively. These results were in 
accordance with the results obtained by 
Rajalakshmi & Banu [23]. 


Fig.4 Absorption Spectra of Chlorophyll Types a and b 


chl. A 


chl.b tota chl 


Chlorophyll types 


Fig. 5: The amount of chlorophyll types present in spinach leaf extract 
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3.2. Color measurements of the treated fabric 

The changes in color components for cotton 
sample with different chlorophyll concentrations 
were shown in Table 2. The results obtained 
revealed that there were drastic changes of L*, a* 
b*, c, and h. The data obtained showed that the 
lightness values reached to 94.54, 94.35, 93.6, and 
92.63 with chlorophyll concentrations of 25%, 
50%, 75%, and 100% respectively. The decrease 
oflightness (L*) values indicates the lower in its 
luminosity [24]. The (-a*) value increased with 
Chlorophyll concentration until reached the 
maximum value with 100% of chlorophyll 
concentration. The (+b*) value significantly 
increased with Chlorophyll concentration 
increased until reach the highest value at 
chlorophyll concentration 100%.A significant 
increase in hue angle (h) was observed as 
treatment concentration increased from 25% to 
100%. Increase in the color concentration (c) was 
observed as the Chlorophyll concentration 
increased till it reached 100%. The 
spectrophotometer test results confirmed the 
screens consecutive concentrations of chlorophyll 
from 25%, 50%, 75%, to 100%.These results are 
consistent with the results obtained by Frankel et 
al [25], that camouflage properties of dyed fabric 
have direct relation with construction and 
concentrations of used dyes. Also, a slight increase 
in range of 550nmwas obtained because of the 
reflection of chlorophyll. On the other hand, the 
presence of ZnO nanoparticles in the treated 
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fabricresulted in significant changes in color 
difference of samples in visible band. It was also 
revealed that the color difference between 
samples decreased by increasing the number of 
inorganic nanoparticles.This result may be due to 
that the presence of ZnO nanoparticles reduces the 
light emission and so the reflectance increased 
and when the color difference of the treated 
sample was less than of reference fabric, 
camouflage ability of the samples in the visible 
band is better [26]. On the other hand, ZnO-loaded 
cotton (1g/kg) showed a significant effect to 
restrain cell proliferation as a result of the 
production of reactive oxygen species. A higher 
resistance to the cytotoxicity was observed with 
concentration of ZnO coated on fabric in our 
paper. This result was accordance with the results 
obtained by Yan et al.[27]. It was reported that the 
cytotoxicity induced by ZnO nanoparticles was 
dose-dependent, and the relative survival was 
below 50 % with a high dose of ZnO (0.5 mg/mL). 
It could be also, due to the ZnO particles attached 
to the surface of cotton and few particles entered 
cells via receptor-mediated endocytosis, which 
could induce activation of the lysosome membrane 
and ultimately causes cell death. The presence of 
ZnO nanoparticles also, decreases the durability of 
the cotton fabric. This protection due to the larger 
surface area per unit mass and volume of 
nanoparticles which enables such treatments to 
penetrates into yarn and fabric interstices [28]. 


Table 2: The Spectrophotometer analysis of the treated fabrics at different chlorophyll 


concentrations 
L 94.54 94.35 93.6 92.63 
a* 0.85 -1.05 -1.10 -1.13 
b* 1.6 2.04 2.04 2.15 
C 1.8 2.29 2.32 2.43 
h 117.19 117.65 118.06 118.37 


Where: C.C color components, C*.C* chlorophyll concentrations: C.C color components, C*.C* chlorophyll 


concentrations 
2.3. Evaluation of chlorophyll thermal 
mitigation and camouflage behavior 

The average apparent temperatures degrees of 
thermal imager Fluke Ti20 for each treated cotton 
fabric had used to draw the average thermal 
mitigation effect against time (min.) shown in 
Figure (6). The relationship between apparent 
temperatures degrees and the averagebackground 


revealed that the average temperature degree 
decreased with chlorophyll concentrations 
increased and also with time compared with the 
original surface and untreated fabric samples. By 
analyzing the thermal images taken, the following 
apparent thermal temperatures could be 
concluded as shown in Table 3 and their average 
had been calculated. It can be seen from Table 3 
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that the average temperature degrees were 
proportional to the chlorophyll concentrations. 
The results obtained revealed that the average 
temperature degree decreased with chlorophyll 
concentrations increased and also with time 
compared with the original surface and untreated 
fabric samples. The average temperature degrees 
decreased from 34.3°C, 32.8°C, 32.2°C, and 31.6°C 
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to 34.0°C, 32.5°C, 32.1°C, and 31.4°C for the 
treated fabrics with chlorophyll concentrations 
25%, 50%, 75%, and 100% and with time from 
zero to 180 minutes respectively. On the contrary, 
the average temperature degree for the original 
surface and untreated sample increased with time 
from 36.4°C, and 34.3°C at zero time till it reached 
37.4°C and 35.1°C at 180 minutes respectively. 


original 
Surface 


Reference 
—i ntreated ) 


cotton screen 


=——t— chlorophyl 
25% 


—#t— chlorophyl 
50% 


== chlorophy1 
75% 


=—=®— chlorophyl 
100% 


--=—- Surrounding 
Temprature 


Time (imins.) 0- 180 


Fig. 6: Effect of different chlorophyll concentrations on the apparent temperature levels vs. time by 
the thermal imager Fluke Ti20 


2.4, Evaluation of mitigation abilities and 
thermal contrast values 


Table 4 showed the average mitigation abilities 
and thermal contrast values of the different 
chlorophyll concentrations when the average 
surrounding temperature is 26.1°C and average 
reference temperature is 37.7°C. For the original 
surface was that thermal contrast is an index that 
represents the amount of contrast of an object 
apparent temperature with its background 
temperature, where C =1 is the maximum contrast 
index and as this index become less than one, 
indicates that the apparent temperature of the 
object approaches the apparent temperature of its 
background. In other words, this indicates as the 
thermal contrast index got smaller means better 
thermal camouflage efficiency. It can be seen from 
Table 3 that the thermal camouflage got very good 
with the treated fabric dyed with 100% 


chlorophyll concentration and the _ thermal 
contrast reached 0.39. 


CONCLUSION 

This contest introduced and examined an 
innovations system as thermal mitigation and 
thermal camouflaging technique in a form of 
screening technique on extra-long Egyptian cotton 
fabric screen using chlorophyll as an organic 
material and natural dye due to its ability in 
absorbing sunlight in blue and red wavelengths 
portions of the electromagnetic spectrum between 
(400-500nm) and (600-700nm) respectively, with 
the combination with ZnO nanoparticles. The 
results obtained revealed that the chlorophyll 
concentrations have fulfill a significant degree of 
thermal mitigation but the full saturated cotton 
fabric with 100% chlorophyll concentration had 
performed the best results. The presence of ZnO 
nanoparticles in the treated fabric showed that 
camouflage ability of the samples in the visible 
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band is better due to that ZnO nanoparticles 
reduces the light emission and so the reflectance 
increase. The results showed that there should be 
a great effort in producing chlorophyll in the 
national field, since it can be extracted from green 
plants and algae which there are plenty of them 
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exist in Egypt; especially it has a lot of industrial 
use that must be figured. The results of this study 
would be applicable to developing high 
performance thermal mitigating smart textile, and 
also thermal stealth military. 


Table 3: Average temperature degrees (°C) with chlorophyll concentrations 


Where 0.5 original Surface, C*.C* as shown in Table 2reached 0.39. 


Table 4: The average mitigation abilities and thermal contrast values of the different 
treated cotton fabrics 


77 0.00 00 % 0.00 0.00 

35.7 2.0 25905 0.56 4A% 
35.4 2.3 -6.1% 0.54 49% 
34.2 3.5 - 9.3% 0.49 7.4% 
33.7 4.0 - 10.6% 0.47 8.9 % 
cya 5.6 -14.9% 0.39 11.8% 


Where M. S. T. Material surface temp,Th. M. Vs. R. T. Thermal mitigation Vs. reference temp, P. of m. 
Percentage of mitigation, Th. Cont. thermal contrast, and Th. M. a thermal mitigation ability 
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